The process of decision making and risk analysis are essential tasks along the construction project cycle. Over the years, construction practitioners and researchers have used various methods, tools and techniques to evaluate risk and assist in making more concise decisions. Most practitioners, however, rely on their expert judgment, past experience, intuition, acquired and accumulated knowledge and gut feelings to make decisions. Aleatory (natural, heterogeneity and stochasticity) and epistemic (subjective, ignorance) are the two major types of uncertainties observed in natural sciences. Practitioners traditionally deal with aleatory uncertainty through probabilistic analysis based on historical data (frequentist approach); and epistemic uncertainty, on the other hand, handled through the Bayesian approach which has limitations since it requires a priori assumption. This paper reports the application of the DST (Dempster Shafer Theory) of evidence to determine the most critical risk factors affecting project cost contingencies using their epistemic probabilities of occurrence. The paper further discuses how these factors can be managed to enhance successful delivery of infrastructural projects. It uses the mixed methodology, with data gathered through structured questionnaires distributed to construction clients, contractors, professionals and experts in the built environment. The research revealed that design risk, financial risk and economic risk were most important cost risk categorizations. In particular, scope changes, incomplete scope definition, incomplete design, changes in specification, micro and macroeconomic indicators and delayed payment problems were identified as the most important risk factors to be considered during the cost contingency estimation process, hence successful delivery of infrastructural projects. The paper concludes by recommending modalities for managing the contingency evolution process of risk estimation to enhance successful delivery and management of infrastructural projects.
Introduction
 "Risk is an uncertain discrete event that may affect a project for good or bad" [1] . Risk is thus the chance of something happening that will have an impact on the achievement of the objectives of an organization. The definition covers the fact that risk is discrete or distinct; secondly every risk occurrence would probably affect a project positively or negatively. That is, it involves some chances and finally, the occurrence of a risk event may be known or unknown. The ERMA possibility of economic or financial loss or gain, or physical damage or injury or delay, as a consequence of the uncertainty associated with pursuing a particular course of action. The authors thus embrace the fact that risk could result in gain as opposed by many other authors. Many authors view risk as only negative with possible impact of a loss or deficit. The issue of uncertainty of risk in the definition is widely acknowledged by many authors denoting the difficulty in predicting the outcome of a risk linking to probability.
The construction industry is greatly plagued by risk too often [5] , and this risk not dealt with adequately, usually results in poor project performance. Generally, every activity of the construction process is associated with risk, with the process of designing and constructing with a degree of imprecision. Communication of construction project risk in practice is poor, incomplete and inconsistent, throughout the supply chain and the project life cycle [5] .
Risk and Uncertainties
Many people confuse the term risk and uncertainty and use the two terms interchangeably. A lucid distinction lies between risk and uncertainty. Whereas risk relates to the probability of a loss or gain in an uncertain event, uncertainty is associated with an uncommon state of nature characterized by the absence of any information related to a desired outcome. It is the gap between the information required to estimate an outcome and the information already posed by the decision maker.
Mawdesley et al. [6] describe uncertainty as "…. the quality associated with an event which results in an inability to predict its outcome accurately". Based on the above premise, uncertainty can be associated with a state of unpredictability and challenge in accuracy even if one wants to measure. Edwards [3] describes uncertainty as "the unknown as compared to the known property of risk".
Risk is inherent in nearly every decision one takes and it has the potential of impacting on the project. Though some authors construe risk to have a theoretical meaning as only loss, the context can go beyond losses only with the possibility of gains. Risk has an element of uncertainty hence the need for some probability to analyse it. Cooper and Chapman [4] best contextualize the definition of risk as "a discrete uncertain event with the exposure to the possibility of financial loss or gain which may affect a project good or bad".
Project Risk Management
Risk management is a process which enables a risk-taker to pursue an informed approach to risk situation, with a view to controlling risk or optimizing decision about risk. According to Ref. [7] , construction projects involve a large number of risks which have an extensive complex structure arising from multiple interdependent components affecting their overall impact internally through various cause and effect feedback loops and the existence of external interactions between different risk that may escalate the overall impact of the project due to indirect and secondary risk caused by other risk. Since risk is a major factor to be considered during the management of every project, risk management is an important and integral aspect of project management. [2] . Edwards [3] quoted Refs. [8, 9] that risk management is a process involving risk identification, risk analysis, and risk response. Thus risk management can be held as the systematic application of risk management policies, procedures and practices to the task of analyzing, evaluating and controlling risk. Schieg [10] holds that risk management constitutes a
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strategy to avoid loses and use available chances or rather chances potentially arising from risk. The strategy demands from the person taking action a precise consideration and assessment of the situation and the scenarios probably occurring in the future. Construction projects becoming increasingly complex and dynamic in their nature, and the introduction of new procurement methods means that many contractors have been forced to rethink their way of approach to the way risk is treated within their projects and organization [5] . Aven [11] held the view that there is a lack of knowledge of what analysts express and what the meaning of uncertainty in the result of the analysis is, even among experienced risk analysts. The above is claimed to have serious implications for decision making possibly impacting the choice of the option to mitigate the risk.
Schieg [10] held that risk management comprises the integration of basic principles of risk policy, the establishment of risk consciousness as well as the organizational integration. It is an impetus for the risk management process and it is a responsibility for the control of risk and in the full knowledge of the current risk situation. Through risk management, transparency increases, many problems can be avoided, from the outset through proactive actions and the project can be prepared for unavoidable problems.
According to Schieg [10] by adopting risk management, potential saving can be realized in construction projects. Although at the start of a project, the introduction of risk management can result in an increased cost of the project; this is compensated for through the advantage of risk management. Risk management is crucial to project planning since planning without taking risk into account is meaningless, this enhances better success meeting the project aims. The aim of risk management is to manage the exposure by taking action to keep exposure to an acceptable level in a cost effective way. Risk management at the project level focuses on keeping unwanted risk to an acceptable minimum. Schieg [10] further held that the purpose of risk management cannot be over emphasized since it is needed to minimize the crises by management, minimize surprises and problems, increase probability of success of projects and better handle true cost and schedule through estimating contingencies.
Theoritical Framework
The use of theories in research work varies between its application in theory guiding the design and collection of data, theory as an interactive process of data collection and analysis and theory as an outcome of a case study. The use of theory, with application to the Dempster Shafer Theory, in guiding the design and collection of data has been applied in this research.
The DST (Dempster Shafer theory) also known as the theory of belief functions is a mathematical theory of evidence, a generalization the Bayesian theory of subjective probability. The theory was initially developed [12] with the seminal work by Shafer [13] , but the kind of reasoning the theory uses can be found as far back as the seventeenth century, with the theory coming to the attention of researchers in 1980 when they were trying to adapt probability theory to expert systems. Whereas Bayesian theory requires probabilities for each question of interest, belief function allows one to base degrees of belief for one question on the probabilities for related questions. In the real case scenario, these probabilities may or may not have the mathematical properties of probabilities; how much they differ from probabilities will depend on how closely the two questions are related [14] .
Previous research by Nikolov et al. [12] acknowledged that the well known probability theory can effectively model uncertainty. However, there is some information probability cannot describe hence the need for a formalism that will help to overcome the problem. In the traditional probability theory, evidence is associated with only one possible event. In the DST, evidence can be associated with multiple possible events; hence evidence can be meaningful at a higher
Successful Delivery of Infrastructural Projects: Epistemic Overview of Cost Risk and Uncertainties
1221
level of abstraction without having to resort to assumptions about the event within the evidential set. The DST is based on two ideas: the idea of obtaining degrees of belief for one question from subjective probability for related questions, and the Dumpster's rule for combining such degrees of belief when they are based on independent items of evidence [14] . Implementing DST in a specific problem generally involve solving two related problems. First, one must sort the uncertainties in the problem into a priori independent item of evidence. Second, one must carry out the Dumpster's rule computationally. Interestingly, sorting out the uncertainties into independent items lead to a structure involving items of evidence that bear on different but related questions, and this structure can be used to make computations feasible. Where the evidence is sufficient enough, it permits the assignment of probabilities, to single vents, the Dempster-Shafer model collapses to the traditional probabilistic formulation. Sentz and Forson [14] hold that the Dempster's theory is designed to cope with varying levels of precision regarding the information and no further assumption are needed to present the information. It also allows for the direct representation of uncertainty of the system response where an imprecise input can be characterized by a set or an interval and the resulting output is a set or an interval.
In grading the quality of finish on a project (poor, average, high), the traditional bayessian approach to the treatment of the outcomes is that of disjoint bodies of evidence, where probabilities are assigned as singletons (poor, average, high), with the basic axiom of probability:
Consequently, the probability of a complement (a) is (-a) = 1 -P(a) = P(a) + P(a) The inference about (-h) is based on a strong assumption, the principle of insufficient Reasoning that ignorance has to be fairly distributed uniformly among the remaining singletons [15] . Taroun [15] holds that the DST of evidence was established for representing and reasoning with uncertainty, imprecise and incomplete information because of two shortcomings of the probability theory:
 The difficulty of representing ignorance. In probability theory, ignorance is represented by assigning equal prior probabilities to all events which is surrounded with difficulties and limitations. In such representations, there is no distinction between randomness and ignorance;
 The requirement of subjective belief in an event and its negation to sum to one. Dempster claimed that in many situations, evidence that supports one hypothesis should not necessarily decrease the belief in all others [14] . In the Dempster Shaffer theory, there is no requirement that belief not committed to a given proposition must be committed to its negation. This means the total allocation of belief can vary to suit the extent of the decision maker.
Sadiq et al. [16] hold that the DST can be interpreted as a generalisation of the Bayesian approach where probabilities are assigned to subsets and not only to mutually exclusive singletons [15] . In the case of the quality of concrete discussed above, in addition to the singleton (P, A, H), subsets of outcomes with less specificity such as (P, A), (P, H), (A, H), (P, A, H) are also considered as candidates for the basic probability assignment, bpa.
Sadiq et al. [16] further postulated that the Bayessian approach to probability can be viewed as a special case of DST, where sufficient evidence exist to assign probability for singletons only for highly specific situations and ignorance less specific subsets. Due to its limitations, the Bayesian approach is unable to differentiate between both aleatory and epistemic uncertainties efficiently and cannot handle less specific and ambiguous evidences; but the evidential reasoning theory in a better way to handle situations. The DST of evidence distinguishes between uncertainty and ignorance by introducing the belief functions that satisfy axioms that are weaker than those of probability functions. Thus probability can be looked at as a
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subclass of belief functions; the theory of evidence reduces probability theory when the probability values are known [15] . Taroun [15] quoted Ref. [17] on the advantages of the DST as follows:
 It has the ability to model information in a flexible way without requiring a probability to be assigned to each element in the set;
 It provides a convenient and simple mechanism for combining two or more pieces of evidence under certain conditions (Dempster's combination Rule);  It can model ignorance explicitly;  It rejects the law of additivity for belief in disjoint propositions.
The above notwithstanding, Ref. [15] further showed that there is no best theory to handle uncertainty. Refs. [15, 18] hold that the DST allows for expression of partial knowledge, reiterating that the merits of the DST makes researching its potential application in the construction industry a valid research project. It is further proposed in Ref. [15] that the use of evidential reasoning approach is based on DST for assessing construction risk and making related decisions such as evaluating and ranking parameters related to construction projects.
Research Method
Population
This paper is based on a mix methodological approach of data collection: quantitative and qualitative procedures. With the application of the quantitative data collection, a survey questionnaire (Table 1 ) was designed and administered to stakeholders and professionals in the built environment working on developmental projects in Ghana to gather data to determine the risk factors affecting the cost of a project, and hence the contingency estimation process. The sample size for this work was determined using the statistical relation by Refs. [19, 20] . In all, 204 questionnaires were distributed and 118 (57.8%) were retrieved.
Questionnaire Design and Data Collection
Various risk factors were identified during literature review, and these factors together with expert knowledge enabled the identification for further field studies. 31 risk factors affecting project cost contingency were identified and tabulated for respondents to indicate their extent of agreement that the said listed factors affect on project cost contingency. The instrument sought to collect data on probability of occurrence if a risk factor, possible severity effect and the possible impact should the risk occur. Respondents were requested to rate the above factors against a 10 point scale as 1 = low probability/severity/impact and 10 = high probability/severity/impact. All questionnaires were administered personally to the respondent during which advantage was taken to interview some top and middle level management staff. Respondents were given three weeks to fill the questionnaires after which the questionnaires were personally collected for analysis.
Data Analysis and Discussions
Probability of Occurrence of Risk Factors Affecting Contingencies
Based on Table 2 , 31 risk factors identified in literature were tabulated for respondents to rate on as scale of 1 to 10. The above follows the theoretical framework being adopted for the studies, DST and FMEA (Failure Mode Effect and Analysis). An average of between 112 to 118 respondents rated the above section. Based on experience, historical antecedent and field knowledge and expert view on the 
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probability that a risk factor would occur, respondents rated the probability of occurrence of the 31 risk factors above which were subsequently computed into probability as follows:
where R x is the rating per risk factor, T is the rating (1-10), R t is sum of probabilities of per major risk categories (natural, technical, economic, financial, etc.), ∑(R x T) is the sum of the product of the probability rating and the rating . Inferring from Table 2 , according to the ratings of the respondents on the probability of occurrence of a risk factor, the factors with the highest probabilities are changes in scope, incomplete scope definition, changes in specifications along the project path, design completeness and status, delayed payment problems, inflation and market conditions and differential site conditions, with an overall probabilities ranging from 0.039 to 0.049.
Possible Financial Impact of Risk Factor Affecting Contingency Should It Occur
The nature and enormity of risk varies from one factor to the other. Though a risk factor may have a very high probability of occurrence, its impact when it occurs may be negligible hence may require little or no risk response planning for the said risk. Other risk though may have a very low probability of occurrence, may have its impact very enormous derailing other activities and cost centres should it occur. The survey results revealed that issues related to force majeure, though may have a low probability of occurrence, when occurs has a significant impact on the contingency thresholds. Risk factors like floods, earth quakes and inclement weather has significant effect the contingency margins should they occur on any project. The above is primarily due to the fact that the extent of losses posed by these risk factors when they occur are very great and leaves the entire contingency sums exhausted if it does not render it inadequate.
The risk response strategy for natural and environmental factors may be to use insurance by shifting the damage repairs to a third party. Under technical factors, design failure posed has the major risk factor which has highest impact should it occur. Design failure can be categorized as minor design defects requiring changes in construction technology, changes in specification or minor demolition of specified components which can be absorbable by the contingency allocation or major design failures. Major design failure resulting in the changes or reconstruction of approximately 10% or more of the project cost must be considered as a new contract as it would throw the contract sum over board. The impact of major design failure is very significant and can derail the project focus.
Delayed payment and inflation were identified by respondents as the major financial factors which has a high possibility of effect should they occur. Delayed payment of over three to six months seriously affect the cash flow status of the project and eventually either stows the project eventually affecting the final project cost and duration or result in the payment of huge claim resulting from interest in delayed payment. The effect of ascending inflation on project cost cannot be overemphasized, since this result in contractors experiencing hikes in both labour cost and material cost. The above results in contractors requesting for fluctuations and other claims resulting reduced margins.
Design risk was identified by respondents as the risk category with the highest number of factors which has high severity effect should they occur. These factors includes differing site conditions, design completeness and status, changes in scope, incomplete scope definition, and changes in specifications. Ethnographic studies reveal that scope management is the major factor affecting the allocation and management of construction projects. This is either evidenced in incomplete design, incomplete scope definition by client or changes in specification.
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A major category affecting the design results from differing site conditions resulting from either poor site assessment survey, or inadequate or incomplete site engineering studies which could affect substructure quantities when actual sub-structural work commences. The significant effect of these differing site conditions is so significant and can throw the estimated contingencies overboard.
Epistemic Risk Factors and the Theory of Evidence
Field analysis revealed that four work sections are prone to high cost uncertainties and hence changes in final cost of the project; these are substructure, mechanical services, electrical services and finishes. Based on the Dempster's rule, the mass, belief and plausibility are computed as shown in Table 3A and 3B. The DST calculus describes subjective the subjective viewpoint as an assessment for unknown fact. 
According to Rakowsky [21] , the graphical representation of the above defined measures of belief and plausibility is depicted in Fig. 1 . Thus the difference between pl(A) and bel (A) describes the evidential interval range which represents the uncertainty concerning the set A.
From Table 3A and 3B, the mass functions which are the responses of experts view forms the basis for the belief functions. That indicates the probability that a risk factor would have adverse effect on cost.
In DS belief and plausibility provide the upper and lower bounds of probability for a proposition; belief + uncertainty = plausibility and belief + uncertainty + disbelief = 1.
Thus from Table 3 above, the plausibility which is estimated from the belief is determined as follows: Thus the complements of the measures of belief and plausibility are doubts and disbelief respectively.
Based on the Dempster's combination rule, the mass, belief and plausibility are estimated as above can be useful in the determination of the probability range of occurrence of a risk factor rather than the lack of retrospection, instability and ambiguity probability theory. Thus it can said that probability of range of changes in scope in substructure is (0.004, 0.962) and that of changes in specifications in finishes is (0.004, 0.983). The range between 0.004 and 0.962 above depicts the zone of uncertainty. The difference between 1 and 0.962 which is 0.038 represents the zone of doubt that changes in specifications in finishes would occur. Thus the DST gives professionals degrees of belief rather than a single point estimate which is associated with the Bayesian statistical model which has varied inconsistencies and resulting from so much subjective probability. Thus the advantage of the DST as a mathematical tool which permits simulation with the absence of preference, due to limitations of the available information which results from indeterminacy is worth commending.
Risk Management Process of Contingency Factors
Considering the definition of Cooper and Chapman, 1987 and that for the British standard on risk; risk can be considered as a product of the probability of occurrence of a risk factor and possible severity effect. Urgent risks are those risks that cannot wait. As you are evaluating the risk, it is important to determine which risk is the most urgent, requiring immediate attention. Risk urgency factors were determined based on the definition of the probability of occurrences and the severity effect if the risk should occur. Field analysis indicates that seven factors can be considered urgent when selecting the contingency factors affecting construction cost contingency; these risk ranked in descending order of effect are:
 Incomplete scope definition;  Changes in scope;  Design completeness;  Changes in specification;  Differing site conditions;  Delayed payment problems;  Inflation/micro economic indicators. Based on categorization, design risk was the group with the highest number of factors and hence risk with an average estimated probability of occurrence of 0.310. Financial risk followed design risk closely with two factors. It can thus be held that these two categories had the higher possibility of increasing cost risk.
To manage the above risk, a systematic process of risk identification, estimation and analysis is recommended using an evolution onion process as depicted in Fig. 2 . This integrates internal institutional 
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and organizational process, through risk analysis by incorporating thorough risk management process and a final external risk assessment process. At the institutional level, it is imperative that at the client briefing stage, a quick overview should be undertaken using historical data, lessons learned and existing organizational process asset to establish some possible risk that impact the project using brains storming, focus group discussions and Delphi techniques at the institutional level.
Subsequent to the above, a thorough design process shall be undertaken during which a scope management process shall be established considering issues of technical specification, construction technology, procurement and contract form. The risk identified at the institutional stage and the designs stage shall influence the risk management process to be adopted and shall form a basis for the risk identification, assessment, response planning, monitoring and control and over view.
The final stage shall be the use of external risk assessment process through the adoption of design management process, cognitive variables to estimate and confirm the risk level and impact of variables affecting construction cost contingency.
Conclusions
This paper reviews briefly the risk management process of contingency estimation holding that the deterministic method of contingency estimation lacks basis and confidence for the management of uncertainties on construction projects. It briefly reviews the use of the probabilistic model using the Bayesian theory and the Dempster Shaffer Theory in the risk management process. The authors present the use of risk categorization and analysis to determine the most important risk taking into consideration organsiational process asset, and external project variables. It can be concluded that design risk with emphasis on scope changes, incomplete scope definition, changes in specifications, design completeness and differing site conditions are the most critical cost risk. Others economic risk such as micro and macroeconomic indicators and delayed payment problems can be said to be the secondary factors which as well affect the project cost risk during the cost contingency estimation process.
